High-resolution solid-state 13C NMR study of free and metal-complexed macrocyclic antibiotic ionophores valinomycin, nonactin, and tetranactin: conformational elucidation in solid and solution by conformation-dependent 13C chemical shifts.
We recorded high-resolution 13C NMR spectra of the macrocyclic antibiotic ionophores valinomycin, nonactin, and tetranactin in the solid state by the cross-polarization-magic angle spinning (CP-MAS) method, in order to gain insight into the use of conformation-dependent 13C chemical shifts as a convenient means to delineate a conformational change induced by metal ion complexation. The 13C peak splittings in the solid state are consistent with the symmetry properties of the ionophores as revealed by X-ray diffraction: C2 symmetry in free tetranactin and S4 or S6 symmetry for a variety of metal complexes of nonactin and tetranactin or the K+ complex of valinomycin, respectively. Interestingly, many of the 13C NMR peaks of carbons in the skeletal backbones were significantly displaced (up to 8 ppm). The displacements of the peaks were explained by a conformational change as characterized by variations of torsion angles. Accordingly, we were able to obtain conformational features of Na+ and Cs+ complexes of valinomycin, for which X-ray diffraction data are unavailable, on the basis of the displacements of the 13C NMR peaks. Further, we discuss conformational features of these complexes in chloroform solution, with reference to those observed in the solid state.